Introduction {#section5-2050312120931334}
============

Blood cell parameters, which play an important role in the clinical diagnosis and treatment of disease, are strongly affected by factors such as geographical region and gender. There are significant differences in blood cell parameters, such as white blood cells (WBCs) and hemoglobin (HGB), at different altitudes,^[@bibr1-2050312120931334]^ and hypoxic environments affect the volume of red blood cells (RBCs)^[@bibr2-2050312120931334]^ and amount of HGB.^[@bibr3-2050312120931334]^ Oxygen levels at the average altitude of Yuxi City, Yunnan Province, China (1700 m) are different from those in China's low altitude areas. There is no relevant literature describing continuous changes in the levels of various blood cell parameters in the population of this area, and a local clinician asked the clinical laboratory to provide accurate reference intervals for various blood cell parameters. In this study, therefore, we established accurate reference intervals by investigating continuous changes in various blood cell parameters in healthy individuals between 16 and 85 years old in the local region.

Methods {#section6-2050312120931334}
=======

Study population {#section7-2050312120931334}
----------------

In 2016, we visited each health consultation center in Yuxi City and recruited 48,821 volunteers from different areas of the city and from different industries to participate in the study. Details of fever, allergies, medical history, medication, height, weight, head circumference, waist circumference and chest circumference were recorded for each participant. Exclusion criteria were in accordance with the Chinese "Clinical Laboratory Test Project Reference Standards" and the standards document of US CLSI C28-A3^[@bibr4-2050312120931334]^ and included history of marriage with Caucasians or black people for three generations, cardiovascular disorders (thalassemia, acute blood loss, unexplained low HGB, abnormal blood pressure), malignant tumors, severe traumatic burns, tuberculosis, autoimmune diseases, severe dysfunction of the digestive or urinary system, long-term use of antibiotics or hormones, pregnancy, lactation, long-term or recent blood donation, drug use, smoking, abuse of vitamins, obesity, special occupations, alcohol abuse and surgery within the past 2 weeks.

This is a retrospective study. The number of individuals less than 15 years old (including 15-year-olds) and more than 86 years old (including 86-year-olds) who met the inclusion criteria was insufficient for statistical analysis (less than 30 cases). Therefore, only 16- to 85-year-olds (24,406 men, mean age 43 ± 13 years and 15,562 women, mean age 39 ± 14 years) were included in the study. In order to better analyze continuous changes in blood cell parameters, we divided the 16- to 85-year-old participants into 14 age groups, at 5-year intervals, calculated the mean and standard deviation for each group, and then compared differences between men and women in each age group.

Sample collection and handling {#section8-2050312120931334}
------------------------------

Sample testing was carried out in the clinical laboratory of Yuxi People's Hospital and was strictly in accordance with the standard (ISO15189: 2012, China) for specimen testing. All analysts were certified Chinese laboratory technicians and were qualified for preservice training. Appropriate reagents and quality control products were used. The laboratory test system is calibrated and validated every 6 months. High, medium and low internal quality control (IQC) is carried out daily. The laboratory guarantees that the external quality assessment (EQA) score is \>98/100 points and that the quality performance of the laboratory is satisfactory in both external and internal quality assurance. Venous blood samples (2 mL) were collected using a vacuum tube containing dipotassium edetate (EDTA-K~2~) anticoagulant and, to avoid the influence of food on blood cell parameters,^[@bibr5-2050312120931334],[@bibr6-2050312120931334]^ the samples were collected in the morning after an 8-h overnight fast. Immediately after collection, the blood samples were shaken up and down eight times. WBC, neutrophils (NEUT), lymphocytes (LYMPH), monocytes (MONO), eosinophils (EO), basophils (BASO), RBC, HGB, red blood cell distribution width (RDW), hematocrit (HCT) and platelets (PLT) were then measured using an XN-9000 blood cell analyzer (Sysmex Corporation, Kobe, Japan).

Statistical analysis {#section9-2050312120931334}
--------------------

SPSS 22.0 software was used for statistical analysis, a box chart was used to eliminate outliers and a P-P chart and frequency histogram distribution were used to test the normality of all data. An independent sample t-test was used to compare blood cell parameters of men and women. The significance of an increasing or decreasing trend was calculated separately for men and women using the Jonckheere--Terpstra test. Using limits of 2.5%--97.5%, a 90% confidence interval was used to develop new reference intervals.

Results {#section10-2050312120931334}
=======

Comparison of men and women aged 16--85 revealed significant differences (*p* \< 0.01) in levels of various blood cell parameters. Different age groups showed statistically significant differences in different parameters ([Tables 1](#table1-2050312120931334){ref-type="table"} and [2](#table2-2050312120931334){ref-type="table"}). We divided the 16- to 85-year-olds into 14 groups, with a 5-year age span in each group, and drew a box chart of blood cell parameters for each group ([Figure 1](#fig1-2050312120931334){ref-type="fig"}). We compared differences in blood cell parameters between men and women in the same age group ([Tables 1](#table1-2050312120931334){ref-type="table"} and [2](#table2-2050312120931334){ref-type="table"}) and calculated continuous changes for each blood cell parameter according to the average value for each group. In men, WBC count, NEUT, LYMPH and MONO increased with increasing age and peaked at 46--60 years. Levels of RBC, HGB, HCT and PLT in men decreased with increasing age. In women, WBC count, NEUT and LYMPH decreased with increasing age. Except for MONO, EO and BASO, all other blood cell parameters showed peaks or troughs to different degrees. The levels of red blood cell distribution width-standard deviation (RDW-SD) and red blood cell distribution width-coefficient of variation (RDW-CV) increased with increasing age. Each parameter showed a continuous increase or decrease, and the Jonckheere--Terpstra test results are shown in [Table 3](#table3-2050312120931334){ref-type="table"}. The reference intervals developed in this study are shown in [Table 4](#table4-2050312120931334){ref-type="table"}.

###### 

Comparison of blood cell parameters between men and women (aged between 16 and 55 years).

![](10.1177_2050312120931334-table1)

  Parameter                16--20 years                21--25 years                26--30 years   31--35 years                36--40 years                41--45 years   46--50 years                51--55 years                                                                                                                                                                                                                                                                                                                                                                
  ------------------------ --------------------------- --------------------------- -------------- --------------------------- --------------------------- -------------- --------------------------- --------------------------- ---------- --------------------------- --------------------------- ---------- --------------------------- --------------------------- ---------- --------------------------- --------------------------- ---------- --------------------------- --------------------------- ---------- ---------------------------- --------------------------- ----------
  WBC (10^3^ Cells/µL)     6.30 ± 1.47 (n = 1003)      6.49 ± 1.48 (n = 2036)      0.001          6.49 ± 1.51 (n = 1587)      6.40 ± 1.56 (n = 1506)      0.121          6.65 ± 1.50 (n = 2727)      6.35 ± 1.56 (n = 2133)      \<0.0001   6.72 ± 1.57 (n = 2482)      6.19 ± 1.57 (n = 1860)      \<0.0001   6.74 ± 1.58 (n = 2987)      6.08 ± 1.51 (n = 2243)      \<0.0001   6.69 ± 1.58 (n = 3565)      6.13 ± 1.48 (n = 2433)      \<0.0001   6.75 ± 1.60 (n = 3280)      6.05 ± 1.50 (n = 2236)      \<0.0001   6.80 ± 1.62 (n = 2780)       5.76 ± 1.41 (n = 1720)      \<0.0001
  NEUT (10^3^ Cells/µL)    3.52 ± 1.17 (n = 1000)      3.77 ± 1.18 (n = 2036)      \<0.0001       3.61 ± 1.13 (n = 1582)      3.70 ± 1.25 (n = 1498)      0.026          3.70 ± 1.09 (n = 2720)      3.74 ± 1.27 (n = 2126)      0.232      3.75 ± 1.14 (n = 2476)      3.68 ± 1.21 (n = 1851)      0.030      3.77 ± 1.13 (n = 2978)      3.67 ± 1.16 (n = 2240       0.001      3.75 ± 1.14 (n = 3555)      3.70 ± 1.15 (n = 2428)      0.139      3.78 ± 1.15 (n = 3268)      3.60 ± 1.17 (n = 2236)      \<0.0001   3.84 ± 1.15 (n = 2768)       3.24 ± 1.05 (n = 1718)      \<0.0001
  LYMPH (10^3^ Cells/µL)   2.23 ± 0.55 (n = 1003)      2.24 ± 0.54 (n = 2037)      0.561          2.32 ± 0.59 (n = 1589)      2.21 ± 0.56 (n = 1507)      \<0.0001       2.39 ± 0.59 (n = 2731)      2.14 ± 0.53 (n = 2137)      \<0.0001   2.38 ± 0.60 (n = 2482)      2.04 ± 0.54 (n = 1867)      \<0.0001   2.38 ± 0.61 (n = 2990)      1.97 ± 0.52 (n = 2246)      \<0.0001   2.35 ± 0.62 (n = 3573)      1.97 ± 0.52 (n = 2435)      \<0.01     2.36 ± 0.63 (n = 3289)      2.00 ± 0.55 (n = 2239)      \<0.0001   2.33 ± 0.65 (n = 2783)       2.08 ± 0.55 (n = 1722)      \<0.0001
  MONO (10^3^ Cells/µL)    0.36 ± 0.11 (n = 1000)      0.33 ± 0.10 (n = 2032)      \<0.0001       0.37 ± 0.12 (n = 1587)      0.33 ± 0.10 (n = 1504)      \<0.0001       0.37 ± 0.11 (n = 2724)      0.31 ± 0.10 (n = 2134)      \<0.0001   0.37 ± 0.16 (n = 2478)      0.30 ± 0.09 (n = 1862)      \<0.0001   0.37 ± 0.12 (n = 2987)      0.30 ± 0.09 (n = 2245)      \<0.0001   0.36 ± 0.12 (n = 3575)      0.30 ± 0.09 (n = 2433)      \<0.0001   0.37 ± 0.11 (n = 3283)      0.30 ± 0.10 (n = 2231)      \<0.0001   0.38 ± 0.12 (n = 2778)       0.28 ± 0.09 (n = 1721)      \<0.0001
  EO (10^3^ Cells/µL)      0.137 ± 0.112 (n = 984)     0.109 ± 0.076 (n = 1975)    \<0.0001       0.144 ± 0.108 (n = 1576)    0.105 ± 0.074 (n = 1465)    \<0.0001       0.155 ± 0.111 (n = 2705)    0.112 ± 0.077 (n = 2090)    \<0.0001   0.170 ± 0121 (n = 2451)     0.112 ± 0078 (n = 1828)     \<0.0001   0.165 ± 0.115 (n = 2932)    0.110 ± 0.076 (n = 2198)    \<0.0001   0.173 ± 0.118 (n = 3516)    0.110 ± 0.90 (n = 2356)     \<0.0001   0.182 ± 0.125 (n = 3226)    0.114 ± 0.078 (n = 2153)    \<0.0001   0.183 ± 0.119 (n = 2709)     0.114 ± 0.075 (n = 1675)    \<0.0001
  BASO (10^3^ Cells/µL)    0.015 ± 0.009 (n = 998)     0.013 ± 0.009 (n = 2036)    \<0.0001       0.017 ± 0.010 (n = 1569)    0.015 ± 0.010 (n = 1502)    \<0.0001       0.017 ± 0.010 (n = 2696)    0.015 ± 0.009 (n = 2123)    \<0.0001   0.018 ± 0.010 (n = 2430)    0.015 ± 0.010 (n = 1850)    \<0.0001   0.018 ± 0.011 (n = 2936)    0.016 ± 0.010 (n = 2227)    \<0.0001   0.018 ± 0.011 (n = 3494)    0.016 ± 0.010 (n = 2420)    \<0.0001   0.019 ± 0.011 (n = 3201)    0.017 ± 0.010 (n = 2219)    \<0.0001   0.019 ± 0.011 (n = 2706)     0.016 ± 0.010 (n = 1701)    \<0.0001
  RBC (10^6^ Cells/µL)     5.54 ± 0.37 (n = 999)       4.81 ± 0.33 (n = 2038)      \<0.0001       5.58 ± 0.34 (n = 1585)      4.85 ± 0.32 (n = 1507)      \<0.0001       5.55 ± 0.35 (n = 2717)      4.83 ± 0.35 (n = 2133)      \<0.0001   5.50 ± 0.35 (n = 2473)      4.77 ± 0.34 (n = 1861)      \<0.0001   5.43 ± 0.37 (n = 2986)      4.74 ± 0.34 (n = 2239)      \<0.0001   5.37 ± 0.38 (n = 3572)      4.74 ± 0.34 (n = 2432)      \<0.0001   5.32 ± 0.38 (n = 3282)      4.75 ± 0.35 (n = 2231)      \<0.0001   5.29 ± 0.40 (n = 2778)       4.80 ± 0.37 (n = 1718)      \<0.0001
  HGB (g/L)                165.28 ± 10.54 (n = 999)    141.36 ± 9.57 (n = 2034)    \<0.0001       167.71 ± 9.85 (n = 1589)    142.75 ± 9.92 (n = 1503)    \<0.0001       167.34 ± 9.92 (n = 2730)    141.46 ± 9.99 (n = 2135)    \<0.0001   166.40 ± 9.61 (n = 2484)    140.30 ± 9.96 (n = 1853)    \<0.0001   165.77 ± 10.49 (n = 2992)   139.72 ± 10.62 (n = 2214)   \<0.0001   164.99 ± 10.75 (n = 3579)   139.31 ± 11.07 (n = 2402)   \<0.0001   163.90 ± 10.54 (n = 3287)   139.55 ± 11.36 (n = 2204)   \<0.0001   163.074 ± 10.94 (n = 2776)   141.80 ± 9.76 (n = 1714)    \<0.0001
  HCT (%)                  48.95 ± 2.64 (n = 1000)     42.76 ± 2.47 (n = 2039)     \<0.0001       49.12 ± 2.46 (n = 1589)     42.83 ± 2.51 (n = 1506)     \<0.0001       49.11 ± 2.52 (n = 2730)     42.62 ± 2.64 (n = 2138)     \<0.0001   48.94 ± 2.48 (n = 2484)     42.35 ± 2.65 (n = 1862)     \<0.0001   48.88 ± 2.64 (n = 2990)     42.21 ± 2.83 (n = 2235)     \<0.0001   48.76 ± 2.78 (n = 3579)     42.19 ± 2.89 (n = 2424)     \<0.0001   48.55 ± 2.72 (n = 3286)     42.38 ± 2.95 (n = 2221)     \<0.0001   48.29 ± 2.84 (n = 2774)      43.02 ± 2.64 (n = 1719)     \<0.0001
  RDW-SD (fL)              42.88 ± 2.81 (n = 1003)     43.12 ± 2.83 (n = 2039)     0.027          41.50 ± 2.48 (n = 1589)     42.14 ± 2.55 (n = 1508)     \<0.0001       41.78 ± 2.51 (n = 2732)     42.50 ± 2.59 (n = 2139)     \<0.0001   42.32 ± 2.63 (n = 2482)     43.08 ± 2.70 (n = 1864)     \<0.0001   43.19 ± 2.91 (n = 2992)     43.55 ± 2.86 (n = 2241)     \<0.0001   43.78 ± 3.09 (n = 3577)     43.73 ± 2.90 (n = 2429)     0.494      44.37 ± 3.16 (n = 3286)     44.03 ± 3.02 (n = 2230)     \<0.0001   44.53 ± 3.13 (n = 2776)      43.69 ± 2.97 (n = 1719)     \<0.0001
  RDW-CV (%)               13.27 ± 0.73 (n = 984)      13.27 ± 0.79 (n = 1999)     0.818          12.93 ± 0.63 (n = 1581)     13.03 ± 0.74 (n = 1481)     \<0.0001       12.96 ± 0.62 (n = 2717)     13.16 ± 0.74 (n = 2116)     \<0.0001   13.06 ± 0.67 (n = 2474)     13.25 ± 0.78 (n = 1828)     \<0.0001   13.13 ± 0.65 (n = 2969)     13.30 ± 0.80 (n = 2179)     \<0.0001   13.21 ± 0.68 (n = 3558)     13.34 ± 0.83 (n = 2342)     \<0.0001   13.31 ± 0.70 (n = 3265)     13.37 ± 0.79 (n = 2120)     0.012      13.36 ± 0.72 (n = 2761)      13.30 ± 0.74 (n = 1689)     0.005
  PLT (10^3^ Cells/µL)     241.83 ± 50.16 (n = 1002)   264.53 ± 52.08 (n = 2032)   \<0.0001       227.57 ± 49.45 (n = 1588)   251.48 ± 52.51 (n = 1506)   \<0.0001       221.09 ± 48.27 (n = 2729)   240.65 ± 55.13 (n = 2139)   \<0.0001   216.72 ± 48.24 (n = 2484)   238.78 ± 54.55 (n = 1866)   \<0.0001   211.26 ± 48.60 (n = 2993)   240.42 ± 57.13 (n = 2247)   \<0.0001   207.79 ± 49.18 (n = 3578)   242.48 ± 57.95 (n = 2435)   \<0.0001   203.43 ± 48.69 (n = 3286)   239.20 ± 59.15 (n = 2236)   \<0.0001   200.01 ± 49.43 (n = 2780)    227.12 ± 57.16 (n = 1722)   \<0.0001

SD: standard deviation; WBC: white blood cell; NEUT: neutrophils; LYMPH: lymphocytes; MONO: monocytes; EO: eosinophils; BASO: basophils; RBC: red blood cell; HGB: hemoglobin; HCT: hematocrit; RDW-SD: red blood cell distribution width-standard deviation; RDW-CV: red blood cell distribution width-coefficient of variation; PLT: platelets.

Un-adjusted *p*-values. [Table 1](#table1-2050312120931334){ref-type="table"} includes results for volunteers aged between 16 and 55 years.

###### 

Comparison of blood cell parameters between men and women (aged between 56 and 85 years).

![](10.1177_2050312120931334-table2)

  Parameter                56--60 years                61--65 years               66--70 years   71--75 years               76--80 years               81--85 years   16--85 years                                                                                                                                                                                                                                                                                                                   
  ------------------------ --------------------------- -------------------------- -------------- -------------------------- -------------------------- -------------- -------------------------- -------------------------- ---------- -------------------------- -------------------------- ---------- -------------------------- -------------------------- ---------- -------------------------- ------------------------- ---------- ----------------------------- ----------------------------- ----------
  WBC (10^3^ Cells/µL)     6.66 ± 1.60 (n = 1339)      5.79 ± 1.54 (n = 772)      \<0.0001       6.53 ± 1.46 (n = 947)      5.74 ± 1.29 (n = 518)      \<0.0001       6.51 ± 1.57 (n = 658)      6.06 ± 1.45 (n = 309)      \<0.0001   6.75 ± 1.67 (n = 476)      6.02 ± 1.69 (n = 238)      \<0.0001   6.48 ± 1.55 (n = 313)      6.12 ± 1.48 (n = 177)      0.013      6.33 ± 1.66 (n = 207)      6.17 ± 1.37 (n = 54)      0.465      6.67 ± 1.57 (n = 24,351)      6.15 ± 1.52 (n = 18,235)      \<0.0001
  NEUT (10^3^ Cells/µL)    3.72 ± 1.13 (n = 1333)      3.16 ± 1.08 (n = 769)      \<0.0001       3.60 ± 1.05 (n = 946)      3.18 ± 0.99 (n = 519)      \<0.0001       3.72 ± 1.17 (n = 658)      3.44 ± 1.12 (n = 309)      0.001      3.87 ± 1.25 (n = 474)      3.37 ± 1.17 (n = 235)      \<0.0001   3.77 ± 1.22 (n = 314)      3.46 ± 1.00 (n = 176)      0.002      3.66 ± 1.24 (n = 206)      3.50 ± 1.13 (n = 54)      0.407      3.74 ± 1.14 (n = 24,278)      3.60 ± 1.18 (n = 18,195)      \<0.0001
  LYMPH (10^3^ Cells/µL)   2.31 ± 0.65 (n = 1337)      2.17 ± 0.63 (n = 768)      \<0.0001       2.29 ± 0.69 (n = 949)      2.14 ± 0.58 (n = 517)      \<0.0001       2.18 ± 0.65 (n = 658)      2.16 ± 0.63 (n = 309)      0.675      2.24 ± 0.69 (n = 475)      2.12 ± 0.65 (n = 239)      0.025      2.11 ± 0.66 (n = 312)      2.12 ± 0.70 (n = 177)      0.884      2.00 ± 0.63 (n = 206)      2.16 ± 0.71 (n = 53)      0.109      2.34 ± 0.62 (n = 24,377)      2.08 ± 0.56 (n = 18,253)      \<0.0001
  MONO (10^3^ Cells/µL)    0.37 ± 0.12 (n = 1338)      0.27 ± 0.09 (n = 769)      \<0.0001       0.37 ± 0.11 (n = 950)      0.28 ± 0.09 (n = 519)      \<0.0001       0.38 ± 0.12 (n = 658)      0.30 ± 0.09 (n = 308)      \<0.0001   0.39 ± 0.12 (n = 472)      0.31 ± 0.10 (n = 238)      \<0.0001   0.39 ± 0.12 (n = 313)      0.33 ± 0.09 (n = 176)      \<0.0001   0.39 ± 0.12 (n = 206)      0.34 ± 0.09 (n = 53)      0.001      0.37 ± 0.12 (n = 24,347)      0.30 ± 0.10 (n = 18,225)      \<0.0001
  EO (10^3^ Cells/µL)      0.177 ± 0123 (n = 1311)     0.111 ± 0.071 (n = 743)    \<0.0001       0.169 ± 0.111 (n = 934)    0.113 ± 0.073 (n = 503)    \<0.0001       0.168 ± 0.112 (n = 651)    0.117 ± 0.075 (n = 299)    \<0.0001   0.174 ± 0.126 (n = 469)    0.121 ± 0.083 (n = 239)    \<0.0001   0.172 ± 0.118 (n = 307)    0.118 ± 0.073 (n = 169)    \<0.0001   0.192 ± 0.138 (n = 202)    0.116 ± 0.060 (n = 51)    \<0.0001   0.169 ± 0.118 (n = 23,973)    0.114 ± 0.076 (n = 17,744)    \<0.0001
  BASO (10^3^ Cells/µL)    0.018 ± 0.011 (n = 1312)    0.017 ± 0.010 (n = 767)    0.001          0.018 ± 0.011 (n = 936)    0.016 ± 0.009 (n = 517)    \<0.0001       0.019 ± 0.011 (n = 648)    0.016 ± 0.010 (n = 308)    0.007      0.017 ± 0.010 (n = 468)    0.015 ± 0.009 (n = 239)    0.016      0.017 ± 0.010 (n = 311)    0.017 ± 0.010 (n = 175)    0.992      0.016 ± 0.011 (n = 206)    0.017 ± 0.009 (n = 53)    0.767      0.018 ± 0.011 (n = 23,911)    0.016 ± 0.010 (n = 18,137)    \<0.0001
  RBC (10^6^ Cells/µL)     5.24 ± 0.40 (n = 1336)      4.77 ± 0.35 (n = 769)      \<0.0001       5.20 ± 0.43 (n = 947)      4.78 ± 0.35 (n = 515)      \<0.0001       5.13 ± 0.44 (n = 657)      4.74 ± 0.33 (n = 309)      \<0.0001   5.03 ± 0.45 (n = 469)      4.62 ± 0.37 (n = 236)      \<0.0001   4.96 ± 0.56 (n = 311)      4.59 ± 0.45 (n = 175)      \<0.0001   4.90 ± 0.57 (n = 203)      4.62 ± 0.41 (n = 54)      \<0.0001   5.38 ± 0.41 (n = 24,315)      4.78 ± 0.35 (n = 18,217)      \<0.0001
  HGB (g/L)                162.17 ± 11.36 (n = 1339)   141.92 ± 9.48 (n = 772)    \<0.0001       160.65 ± 12.11 (n = 947)   142.44 ± 9.38 (n = 519)    \<0.0001       158.24 ± 12.60 (n = 657)   142.08 ± 9.33 (n = 309)    \<0.0001   156.12 ± 13.77 (n = 472)   139.25 ± 10.49 (n = 237)   \<0.0001   153.49 ± 15.44 (n = 310)   138.06 ± 11.60 (n = 176)   \<0.0001   152.43 ± 17.43 (n = 204)   139.50 ± 11.63 (n = 54)   \<0.0001   164.39 ± 11.19 (n = 24,365)   140.73 ± 10.36 (n = 18,126)   \<0.0001
  HCT (%)                  48.18 ± 2.98 (n = 1337)     43.20 ± 2.57 (n = 772)     \<0.0001       47.85 ± 3.26 (n = 947)     43.40 ± 2.51 (n = 518)     \<0.0001       47.39 ± 3.30 (n = 656)     43.32 ± 2.58 (n = 309)     \<0.0001   46.85 ± 3.58 (n = 467)     42.70 ± 2.98 (n = 237)     \<0.0001   46.17 ± 4.16 (n = 308)     42.36 ± 3.29 (n = 176)     \<0.0001   45.85 ± 4.39 (n = 198)     42.72 ± 3.33 (n = 54)     \<0.0001   48.58 ± 2.85 (n = 24,345)     42.58 ± 2.74 (n = 18,210)     \<0.0001
  RDW-SD (fL)              45.03 ± 3.29 (n = 1335)     44.16 ± 2.94 (n = 768)     \<0.0001       45.57 ± 3.26 (n = 946)     44.26 ± 2.88 (n = 518)     \<0.0001       46.05 ± 3.39 (n = 657)     44.99 ± 2.90 (n = 307)     \<0.0001   46.31 ± 3.34 (n = 468)     45.98 ± 3.04 (n = 237)     0.208      46.66 ± 3.46 (n = 309)     46.50 ± 3.36 (n = 176)     0.625      47.85 ± 3.45 (n = 202)     46.53 ± 2.95 (n = 53)     0.012      43.63 ± 3.27 (n = 24,354)     43.45 ± 2.94 (n = 18,228)     \<0.0001
  RDW-CV (%)               13.40 ± 0.70 (n = 1328)     13.37 ± 0.71 (n = 765)     0.358          13.53 ± 0.73 (n = 942)     13.37 ± 0.74 (n = 518)     \<0.0001       13.60 ± 0.75 (n = 645)     13.45 ± 0.65 (n = 307)     0.002      13.62 ± 0.75 (n = 467)     13.64 ± 0.73 (n = 238)     0.736      13.78 ± 0.80 (n = 309)     13.76 ± 0.76 (n = 174)     0.764      14.02 ± 0.78 (n = 199)     13.83 ± 0.84 (n = 54)     0.113      13.23 ± 0.72 (n = 24,199)     13.28 ± 0.78 (n = 17,810)     \<0.0001
  PLT (10^3^ Cells/µL)     196.22 ± 49.52 (n = 1340)   218.04 ± 54.13 (n = 772)   \<0.0001       187.81 ± 48.94 (n = 949)   210.41 ± 53.43 (n = 519)   \<0.0001       183.62 ± 47.48 (n = 658)   208.53 ± 53.93 (n = 308)   \<0.0001   187.78 ± 47.60 (n = 473)   205.60 ± 52.83 (n = 239)   \<0.0001   179.91 ± 45.89 (n = 312)   203.18 ± 59.26 (n = 176)   \<0.0001   178.35 ± 52.25 (n = 203)   211.24 ± 54.45 (n = 54)   \<0.0001   208.77 ± 50.60 (n = 24,375)   239.51 ± 57.41 (n = 18,251)   \<0.0001

SD: standard deviation; WBC: white blood cell; NEUT: neutrophils; LYMPH: lymphocytes; MONO: monocytes; EO: eosinophils; BASO: basophils; RBC: red blood cell; HGB: hemoglobin; HCT: hematocrit; RDW-SD: red blood cell distribution width-standard deviation; RDW-CV: red blood cell distribution width-coefficient of variation; PLT: platelets.

Un-adjusted *p*-values. [Table 2](#table2-2050312120931334){ref-type="table"} includes results for volunteers aged between 56 and 85 years.

![Changes in blood cell levels with age in men and women.](10.1177_2050312120931334-fig1){#fig1-2050312120931334}

###### 

Jonckheere--Terpstra test results, calculated separately for men and women (14 groups).

![](10.1177_2050312120931334-table3)

  Parameter                Men       Women                
  ------------------------ --------- ---------- --------- ----------
  WBC (10^3^ Cells/µL)     3.815     \<0.0001   −18.818   \<0.0001
  NEUT (10^3^ Cells/µL)    6.510     \<0.0001   −17.605   \<0.0001
  LYMPH (10^3^ Cells/µL)   −7.987    \<0.0001   −12.406   \<0.0001
  MONO (10^3^ Cells/µL)    4.405     \<0.0001   −19.461   \<0.0001
  EO (10^3^ Cells/µL)      16.111    \<0.0001   5.487     \<0.0001
  BASO (10^3^ Cells/µL)    7.934     \<0.0001   12.026    \<0.0001
  RBC (10^6^ Cells/µL)     −54.473   \<0.0001   −12.271   \<0.0001
  HGB (g/L)                −34.943   \<0.0001   −4.704    \<0.0001
  HCT (%)                  −26.870   \<0.0001   2.718     0.007
  RDW-SD (fL)              64.814    \<0.0001   30.417    \<0.0001
  RDW-CV (%)               40.933    \<0.0001   17.474    \<0.0001
  PLT (10^3^ Cells/µL)     −40.094   \<0.0001   −28.733   \<0.0001

WBC: white blood cell; NEUT: neutrophils; LYMPH: lymphocytes; MONO: monocytes; EO: eosinophils; BASO: basophils; RBC: red blood cell; HGB: hemoglobin; HCT: hematocrit; RDW-SD: red blood cell distribution width-standard deviation; RDW-CV: red blood cell distribution width-coefficient of variation; PLT: platelets.

Un-adjusted *p*-values. All parameters tended to increase or decrease. The increasing or decreasing trend of some parameters was different in men and women.

###### 

Reference interval (aged between 16 and 85 years).

![](10.1177_2050312120931334-table4)

  Parameter                Men              Women                                                               
  ------------------------ ---------------- ---------------- ---------------- ---------------- ---------------- ----------------
  WBC (10^3^ Cells/µL)     4.13--10.35      4.10--4.16       10.28--10.43     3.65--9.59       3.62--3.69       9.52--9.68
  NEUT (10^3^ Cells/µL)    1.96--6.50       1.94--1.98       6.43--6.57       1.78--6.48       1.75--1.79       6.39--6.53
  LYMPH (10^3^ Cells/µL)   1.30--3.74       1.29--1.31       3.72--3.77       1.15--3.33       1.14--1.17       3.30--3.35
  MONO (10^3^ Cells/µL)    0.19--0.65       0.19             0.64--0.65       0.15--0.53       0.15             0.53--0.54
  EO (10^3^ Cells/µL)      0.03--0.49       0.03             0.48--0.50       0.02--0.32       0.02             0.32--0.33
  BASO (10^3^ Cells/µL)    0--0.04          0                0.04             0--0.04          0                0.04
  RBC (10^6^ Cells/µL)     4.61--6.20       4.60--4.63       6.19--6.22       4.14--5.49       4.13--4.15       5.48--5.50
  HGB (g/L)                142.00--186.00   142.00--143.00   185.00--186.00   117.00--159.00   116.00--118.00   159.00
  HCT (%)                  43.00--54.00     43.00            54.00            36.40--47.40     36.20--36.50     47.30--47.50
  RDW-SD (fL)              38.00--50.60     38.00--38.10     50.50--50.80     38.20--49.60     38.10--38.30     49.50--49.70
  RDW-CV (%)               12.10--14.90     12.10            14.80--14.90     12.10--15.30     12.10--12.10     15.20--15.40
  PLT (10^3^ Cells/µL)     119.00--317.00   118.00--121.00   315.00--319.00   137.00--362.00   135.00--139.00   359.00--365.00

CI: confidence interval; WBC: white blood cell; NEUT: neutrophils; LYMPH: lymphocytes; MONO: monocytes; EO: eosinophils; BASO: basophils; RBC: red blood cell; HGB: hemoglobin; HCT: hematocrit; RDW-SD: red blood cell distribution width-standard deviation; RDW-CV: red blood cell distribution width-coefficient of variation; PLT: platelets.

Discussion {#section11-2050312120931334}
==========

In this study, we analyzed continuous changes in blood cell parameters with increasing age in a healthy population, and established reference intervals for blood cells in the local population, which will provide a reliable reference for the diagnosis and treatment of diseases. This study shows that the WBC count of men is higher than that of women, indicating that men can mobilize more WBCs in the peripheral blood than women. A large WBC count contributes to the body's resistance to inflammation, but in acute inflammation, excessive WBCs may participate in the inflammatory response and cause harm to the body. Compared with results reported in the literature,^[@bibr7-2050312120931334]^ overall levels of WBC, NEUT, LYMPH, MONO, RBC, HGB, HCT and RDW were higher than in Africans or Caucasians, but the overall number of PLT was lower than in Africans or Caucasians. It is unclear whether these differences are attributable to ethnicity or geographical location. In the present study, we found that, in addition to MONO, EO and BASO, all blood cell parameters in menopausal women (41--50 years old) had different peaks and troughs, whereas in men, WBC, NEUT, LYMPH, MONO and EO had different peaks in 46- to 60-year-olds. These differences may be related to estrogen levels and life cycle regulation. It seems most reasonable that the reference interval should be adjusted continuously, according to the level of blood cell parameters.

RBC, HGB and PLT levels in men and women in the study group were significantly higher than those in individuals living in low altitude areas of China,^[@bibr8-2050312120931334][@bibr9-2050312120931334]--[@bibr10-2050312120931334]^ which may be attributable to the increase in RBC caused by high altitude hypoxia.^[@bibr11-2050312120931334],[@bibr12-2050312120931334]^ In this study, the continuous changes in RBC and HGB levels in men and women are similar to those in other regions in China.^[@bibr13-2050312120931334]^ The year-on-year decrease in HGB in men is similar to that seen in Nordic men. Levels of HGB in women, on the other hand, fluctuate within a certain range, whereas levels of HGB in Nordic women increases year-on-year.^[@bibr14-2050312120931334]^ A report from Canada^[@bibr15-2050312120931334]^ shows that HCT levels in men and women gradually increase with age, while our study suggests that HCT in men and women gradually decreases with age. This difference may be due to ethnicity and/or geographic location. RDW-SD and RDW-CV, which indirectly reflect the volume of RBC, have not been taken seriously for a long time, but they are very important parameters of RBC. Changing estrogen levels are reported to lead to changes in numbers of RBC in women,^[@bibr16-2050312120931334]^ and this study also showed that changes in estrogen levels may affect numbers of RBC. RBC strongly influences HGB and, since HGB and RDW^[@bibr17-2050312120931334]^ are positively correlated over a certain age range, changes in RDW may be related to changes in estrogen levels. RDW is an independent predictor of coronary atherosclerosis, and also has some significance in the diagnosis of anemia^[@bibr18-2050312120931334],[@bibr19-2050312120931334]^ and coronary atherosclerosis.^[@bibr20-2050312120931334],[@bibr21-2050312120931334]^

This study has some limitations. Individuals of 15 years or less and individuals of 86 years or more were not included in the study because of insufficient sample size. In addition, the sample size selected in this study was not calculated, but selected as far as possible, and the study includes only residents of Yuxi City and the results reflect only levels of blood cell parameter in the local population. This may have an impact on the results. In a future study, we will calculate the sample size and increase the number of individuals under 15 years old and over 86 years old, and also include individuals from other provinces and cities to make up for these deficiencies.

Conclusion {#section12-2050312120931334}
==========

RBC parameters are affected by both age and gender. We have established reference standards that can provide better evidence-based guidance for the diagnosis and treatment of diseases. Our results provide the basis for further calibration of reference standards.
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